Undoped and Ag-doped ZnO thin films with different silver concentrations (0, 1, 3, and 7 wt%) were synthesized by sol-gel method and deposited onto glass substrate by dip-coating technique. Zinc acetate dehydrate and silver nitrate were used as starting materials. 2-Methoxyethanol and ethanolamine were used as solvent and stabilizer. Characterization by X-ray diffraction has revealed that the undoped and Ag-doped ZnO are polycrystalline, and have the wurtzite hexagonal structure with a preferred orientation along c-axis. The nanometric size (27-34 nm) of ZnO crystallites varies with the concentration of Ag. The surface morphology analysis, by atomic force microscopy and scanning electron microscopy, depicts a homogeneous dispersion of ZnO crystallites in the form of randomly spread wrinkles-like formation. The Raman spectroscopy confirms the Ag incorporation in the ZnO lattice. All films exhibit a transmittance greater than 75% in the visible region, and a sharp absorption band at 325 nm corresponding to the fundamental absorption edge. The room-temperature photoluminescence spectra of the prepared thin films display a strong ultraviolet band at 380 nm originated from excitons recombination, and four bands in the visible region at 430 nm (violet), 460 nm, 480 nm (blue) and 530 nm (green) from created defect levels in the band gap. These synthesized materials may be potential candidates in the manufacture of devices using short wavelengths.
Introduction
Recently, the synthesis of nanostructured thin films based on zinc oxide has been intensively investigated. These nanostructures have been applied in lot of physics devices like light-emitting diodes [1] , window materials in solar cells [2, 3] , gas sensors [4, 5] , and photocatalysts [6] [7] [8] . Moreover, the ZnO has a direct wide band gap energy (≈ 3.37 eV at room temperature) and a high excitonic binding energy (60 meV), which make it a suitable material for optoelectronics [9] .
Various techniques have been used to prepare the ZnO thin films. These techniques include the chemical vapor deposition [10] , electrochemical deposition [11] , spray pyrolysis [12] [13] [14] , sol-gel method [15] [16] [17] . Among the techniques mentioned above, the sol-gel process has attracted a great attention due to its excellent homogeneity, low cost, easy control of doping, and chemical composition, good reproducibility, lower crystallization temperature and large-area coating capability with high adhesion on different types of substrates [18] . It has been reported that the doping of ZnO with various metal elements such as indium (In), aluminum (Al), and gallium (Ga) improve its structural, electrical, and optical properties [19, 20] . In particular, among these ZnO-based * corresponding author; e-mail: herzikarim@yahoo.fr materials, Ag-doped ZnO thin films have been intensively studied during the last decade due to their low cost, nontoxicity, low electrical resistivity, and high optical transmittance [21, 22] .
In this work, the effects of silver doping (concentration of Ag: 0, 1, 3, and 7 wt%) on the structural and optical properties of ZnO thin films were examined. It was proposed earlier that the substitution sites are more energetically favorable than the interstitial sites for the synthesis and growth of ZnO crystals [6] . So ZnO and Ag-ZnO thin films were deposited onto glass substrates by dip-coating technique. Different techniques were used to investigate the evolution of the structural and optical properties of Ag-doped ZnO thin films with increase of Ag concentration.
Experimental
The undoped and Ag-doped ZnO thin films were prepared by sol-gel process and deposited on glass substrates by dip-coating technique. In a typical synthesis, the zinc acetate dehydrate [Zn(CH 3 CO 2 ) 2 · 2H 2 O, ZnAc] as Zn source, and the silver nitrate [AgNO 3 ] as Ag source, are used as starting materials. The molar ratios of [Ag]/[Zn] were 0, 1, 3, and 7 wt%. The mixture (0.75 g) was dissolved in 2-methoxyethanol (20 ml) under vigorous magnetic stirring. The resulting solution was followed by drop wise addition of ethanolamine (0.4 ml). The obtained solution was stirred for 120 min at 60
• C. After this heat treatment the final solution becomes transparent and homogeneous. To obtain ZnO and Ag-ZnO thin films, the cleaned glass substrates were immersed and withdrawn from the solution at the rate of 0.8 cm/min. Before the deposition of the films, the glass substrates were rinsed in an ultrasonic bath with distilled water, ethanol, and acetone then dried at room temperature. Finally, the thin films samples thus obtained were dried at 350
• C for 10 min, and annealed at 500
• C for 1 h. The crystalline structure was analysed with X-ray diffraction (XRD), using a PANalytical X'Pert Pro Philips diffractometer (λ Cu = 1.54059 Å). The Raman spectroscopy was carried out by a Bruker-Senterra spectrophotometer using an excitation wavelength of 532 nm. The morphology and the topography of films were observed by scanning electron (SEM, Philips microscope) and atomic force (AFM, A100 model of APE Research) microscopies. The optical UVvisible absorption was measured using a UV-vis spectrophotometer (JASCO V-750), and the photoluminescence spectra were recorded using an excitation wavelength of 250 nm from a Perkin-Elmer LS 50B luminescence spectrophotometer.
Results and discussion

X-ray diffraction analysis
The XRD patterns of undoped and Ag-doped ZnO thin films, with different Ag concentrations (1, 3, and 7 wt%), deposited onto glass substrates, are presented in Fig. 1 . The spectra show that all films are polycrystalline, and are highly textured since they exhibit a very intense peak at 2θ = 34.52
• and a very weak peak at 2θ = 72.58
• , which correspond, respectively, to the plane (002) and its harmonic (004) of hexagonal (wurtzite) structure of ZnO, according to the JCPDS card file No. 00-36-1451 [23] . This result indicates a high preferential c-axis orientation of ZnO crystallites [24] [25] [26] [27] . The third peak observed at 2θ = 36.35
• is also very weak and it is from the plane (101). As for earlier synthesis [28] , there are no other detected peaks corresponding to secondary phases.
From Fig. 2 , we can note that the intensity of (002) peak increases with increase of the Ag concentration, and so we can conclude that the crystallinity of the films is improved by the Ag doping.
The crystallite size of undoped and Ag-doped ZnO thin films were estimated using Scherrer's formula [29, 30] :
where D is the crystallite size, λ is the wavelength, θ is the Bragg angle, and β is the full width at half-maximum (FWHM) of the peak. On the other hand, the ZnO lattice strain σ [GPa] were calculated using the following relations [31] : The cell parameters are calculated using the relations
The results of the average size of ZnO crystallites, the lattice strain and the cell parameters are reported in Table I . The evolution of cell parameters, according to the percentage of Ag (0, 1, 3, and 7 wt%), are shown in Fig. 3 . We note that the parameters a and c increase for the low percentages and decrease for the high percentages of Ag. This result is confirmed by the shift of the peak (002) towards the smaller and larger angles. This change in the cell parameters has, necessarily, repercussions on the optical properties of the prepared ZnO thin films. Figure 4 displays the Raman spectra of undoped and Ag-doped ZnO thin films with different Ag concentrations (0, 1, 3, and 7 wt%). The spectra exhibit compressive stress due to the substitution of Zn 2+ (radius 0.74 Å) by Ag 2+ (radius 0.89 Å) in ZnO lattice. The intense peak, situated at 438 cm −1 was assigned to the vibrational modes E2 (high) [32, 33] , its intensity increases when Ag concentration increases, which indicates that the crystal quality of ZnO nanoparticles was improved, and ZnO crystallites have a high preferential c-axis orientation. In addition to the E2 (high) phonon mode, the intensity of the A1 (LO) mode, at 568 cm −1 , increases with increasing percentage of Ag. The A1(LO) was attributed to defects such as oxygen vacancies, interstitial Zn in ZnO [34, 35] or/and probably to the mode frequencies of glass substrate [33] .
Raman analysis
While the peaks at 330 and 645 cm −1 are from multiphonon modes [36] , the smaller peak originating at 330 cm −1 is attributed to a E 2H -E 2L (multi-phonon) [7] and for 645 cm −1 c peak can also be attributed to the aggregates of Ag element doping with the start of its supersaturation [37] . Therefore, we can say that these two peaks of ZnO modes confirmed the results of XRD analysis. Moreover, the increase of Ag doping concentration up to 7 wt% leads to ameliorate the crystallization of ZnO phase. This is clearly observed by the increase of the intensity and the width of (002) intense peak in our diffractograms (Figs. 1 and 2) . We observed also a supplementary peak at about 241 cm −1 in the Raman spectra of Ag-doped ZnO with 3 and 7 wt% of Ag doping. Mosquera et al. have attributed similar peak to the local vibrational modes (LVMs). Indeed, the incorporation of Ag in the host lattice can introduce additional modes (LVMs) in the Raman spectra [32, 38] .
Surface morphology analysis
The morphology of undoped and Ag-doped ZnO thin films was analysed by SEM. From Fig. 5 , one can see that the surfaces of all films exhibit a wrinkles-like morphology. The wrinkles-like formations are interconnected with each other, and do not have a particular orientation. Their length exceeds 10 µm. The wrinkles-like formations are thinner in the case of ZnO thin film doped with 3 wt% Ag. This morphology is similar to that observed by Rahal et al. [29] and Zegadi et al. [39] , for ZnO thin films prepared by colloidal and sol-gel synthesis methods, respectively. Figure 6 shows the three-dimensional images of AFM of prepared ZnO thin films. We note that the distribution of ZnO particles on the surface of samples is uniform and the grain size is more important for the sample ZnO doped with 3 wt% Ag. The roughness increases with the concentration of Ag doping and the films exhibit a weak variation of roughness [37] . Therefore, the Ag doping affects the surface topography of films [40] and consequently can affect the optical properties. The calculated average roughness (R a ) and the rootmean square (RMS) roughness (R RMS ) are reported in Table II . Figure 7 displays the room temperature transmission spectra of undoped and Ag-doped ZnO thin films in the wavelength range of 200-900 nm. We can see that the optical transmittance in the visible range is greater than 75% and the samples display a cut-off wavelength at around 375 nm.
Surface topography analysis
Optical analysis
The band gap energy (E g ) of all films (undoped and Ag-doped ZnO) has been determined using the Tauc method (Fig. 8) . The values of E g are summarized in Table I . The values (3.30-3.26 eV) are close to the band gap energy of the pure ZnO (E g = 3.37 eV) [41, 42] . The optical absorption edge exhibits a red-shift with the rise of Ag doping concentration. The observed band gap narrowing is due to the existence of Ag impurities in the ZnO cells, which is in agreement with literature [24, 25, 43] . Figure 9 exhibits the room temperature photoluminescence spectra (excitation wavelength 325 nm) of undoped and Ag-doped ZnO thin films.
Photoluminescence analysis
We remark that the PL signal is formed by five broadened bands. In order to determine the center of every luminescence band, the signal has been deconvoluted with the Gauss curve (Fig. 10) .
Thus, the bands were located at 2.34 eV (530 nm), 2.58 eV (480 nm), 2.70 eV (460 nm), 2.88 eV (430 nm) and 3.26 eV (380 nm). The band at 3.26 eV can be attributed to the exciton recombination corresponding to the near-band edge transition (NBE) of ZnO [44] . The band observed at 2.88 eV may be assigned to the transition energy of electron from conduction band to the zinc vacancy V Zn [45] . The bands at 2.70 eV and 2.58 eV are originated from interstitial zinc Zn i and oxygen defects [46, 47] . The band situated at 2.34 eV can be assigned to intrinsic defects (oxygen vacancies, zinc interstitials, O interstitials, or anti-site defects) [48] . These emission bands are possible because they arise from levels of different energies created in the forbidden band. The position of the bands changes slightly with the concentration of the Ag doping (Figs. 9 and 10 ) and the ZnO thin film doped with 3 wt% Ag displays the most intense luminescence bands.
Conclusion
Undoped and Ag-doped ZnO thin films were synthesized by sol-gel method and deposited onto glass substrate by dip-coating technique. Their structural, morphological and optical properties have been studied. The X-ray diffraction showed that the thin films are polycrystalline and crystallized in hexagonal (wurtzite) structure with a preferential orientation of crystallites along c axis. The crystallites have nanometric sizes. This result has been confirmed by the Raman, the SEM and the AFM investigations. The optical characterization has demonstrated that the prepared ZnO and Ag-doped ZnO thin films are highly transparent in the visible domain. The energy of the optical band gap decreases from 3.30 to 3.26 eV when Ag doping increases, and the photoluminescence spectra of films show an emission band in the ultraviolet (380 nm) and four bands in the visible region. The ZnO thin film with 3 wt% Ag doping gave the most intense luminescence bands.
